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ALLOCATING RF SPECTRUM PARTITIONS IN A CBRS NETWORK
Abstract
Methods for allocating portions of an available radio frequency spectrum to wireless
access points and systems for carrying out such methods are disclosed herein. An example
method can include receiving location and transmission information for a plurality of wireless
access points associated with respective networks. A coexistence graph for the plurality of
wireless access points is generated based on the received information. The coexistence graph is
divided into coexistence areas. For each coexistence area, a coloring algorithm is executed to
determine a number of colors needed to color the nodes in the coexistence area such that no two
connected nodes share the same color and all nodes associated with a given network are assigned
the same color. The available radio spectrum is then partitioned and allocated based on the color
algorithm results.
The Citizens Band Radio Service (CBRS) band (3.55 - 3.7GHz) in the United States is
designed for shared access of three tiers of wireless users: incumbents, Priority Access Licenses
(PAL), and General Authorized Access (GAA). Higher tiers of users are protected by a
Spectrum Access System (SAS) from interference generated by lower tier users. It is envisioned
that a majority of users in this band are GAA users, who do not have a license in this band but
can use the band under the control of a SAS. While protection criteria of incumbents and PAL
users are clearly defined, it is not clear what a SAS should do to promote spectral efficiency and
non-discriminatory coexistence among GAA users.
Users of GAA in the CBRS band can deploy radios in the band without acquiring a
license. However, radios of GAA have to register with a SAS, and operating parameters of the
radios (carrier frequency, bandwidth, max EIRP) have to be approved by a SAS before they can
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be used to provide service. Unlike users with Priority Access License (PAL) rights or incumbent
users of the band, GAA users do not have the lawful right to be protected from interference
generated by other users in the band. However, to make the CBRS band and the three-tier
spectrum sharing concept successful, it is valuable for the SAS to manage Citizen Broadband
Service Devices (CBSDs) (i.e., base stations or access points in the CBRS band) with GAA
rights in a way to promote spectral efficiency and non-discriminatory coexistence among GAA
users.
Figure 1 shows a block diagram of a portion of an example wireless network operating in
the CBRS band. Figure 2 shows a flow chart of an example method of allocating frequencies to
access points in a network, such as a CBRS band network. Figure 3 shows an example coexistence graph. Figure 4 shows a flow chart of an example method of allocating frequencies to
nodes in a coexistence area, which can be executed by the processor of a SAS. Figure 5 shows a
flow chart of an illustrative method of assigning colors to nodes in a coexistence graph suitable
for use by a processor of a SAS.
The potential GAA coexistence techniques described herein can be utilized by a SAS to
facilitate better GAA coexistence, particularly, though not exclusively, in response to Phase I and
Phase II coexistenece issues. A Phase I coexistence issue happens when GAA CBSDs have not
fully utilized the spectrum resource in a certain area, but due to inappropriate radio resource
allocation, different CBSDs are severely interfering with each other, thus degrading the service
quality. When this happens, the SAS can get involved and actively allocate spectrum resources
to CBSDs under its control based on interference analysis around the CBSDs. The Phase II
coexistence issue happens when a CBSD cannot find desirable spectrum resource to use without
significantly degrading the service provided by other CBSDs nearby or sacrificing its own
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service quality. In this case, the spectrum resources should be divided to allow nondiscriminatory coexistence among CBSDs.
Figure 1 illustrates a portion of an example wireless network operating in the CBRS
band. The example network includes three eNodeBs, a SAS, and several pieces of user
equipment (referred to as UEs). The eNodeBs are connected to the SAS via a network 106, such
as the Internet or any other public or private network. In some examples, the eNodeBs may
communicate with the SAS via a SAS proxy (not shown). The SAS proxy then communicates
with the SAS on behalf of the eNodeB . While only three eNodeBs are shown, for illustrative
purposes, a SAS may serve a much larger number of eNodeBs and other access points. In some
examples, a single SAS may serve a large geographic area, such as a city, state, region, or even
the entire United States.
The SAS obtains information about radio interference in the vicinity of the eNodeBs
and other radios operating in the frequency band it governs, and can assign partitions or channels
within the band to the eNodeBs and other radios to provide non-discriminatory access to the
spectrum.
Figure 2 illustrates an example method of allocating frequencies to access points in a
network, such as a CBRS band network. The method can be carried out by a computer
processor, operated by a SAS, such as the SAS shown in Figure 1. The processor implements
the method by executing computer executable instructions stored in a non-transitory computer
readable storage medium, such as computer memory. The method includes generating a
coexistence graph of access points in the network, defining coexistence areas within the
coexistence graph, and allocating frequency partitions to access points within each coexistence
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area. If new access points are detected in the network, the method begins again with the
generation of an updated coexistence graph.
As indicated above, the method includes the generation of a coexistence graph. The
coexistence graph includes a node for each access point in the CBRS band network. Each node
is associated with a network. Each network can include one or more than one access point. For
example, home WIFI networks may include only a single or a small number of wireless access
points. In contrast, service providers offering Long Term Evolution (LTE) services, may include
hundreds or thousands of access points. Memory within the SAS or accessible by the SAS stores
information about the locations of each of the access points and, in some examples, the power
levels and antenna patterns with which the access points operate. The processor can process this
information along with signal propagation models known to persons of ordinary skill in the art to
determine potential levels of interference between nodes. Based on this information, the SAS
can determine which access points would interfere with one another by more than a threshold
level of interference if they were to operate on the same frequency. In generating the
coexistence graph, the processor connects nodes in the graph if their corresponding access point
signals and associated terminal signals could potentially interfere with one another beyond a
threshold level of interference. Access points that are part of a network that utilizes frequency
reuse-1, a feature typically employed by eNodeBs (such as the eNodeBs shown in Figure 1) in
many LTE networks to facilitate easy hand-offs of UEs between neighboring eNodeBs, are
deemed by the processor to not interfere with one another. Accordingly, the processor does not
connect any nodes that are part of the same frequency reuse-1 network. In some examples,
nodes on a common network are deemed not to interfere with one another even if not using
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frequency re-use-1, as the SAS can rely on the network operators to limit interference between
wireless access points within their respective networks.
As discussed above, the SAS may serve geographic regions of varying size. For
example, a single SAS may control access to the CBRS spectrum for the entire United States.
As such, the coexistence graph may include thousands, hundreds of thousands, or potentially
over a million nodes.
To facilitate allocation of frequencies to access points and networks of access points, the
method includes dividing the coexistence graph into multiple coexistence areas. A coexistence
area is defined as a connected set of nodes in the coexistence graph that is not connected to any
nodes outside of the coexistence area. As connections represent potential interference between
access points, and a coexistence area is defined as a set of nodes that are not connected to nodes
outside of the region, it can be understood that spectrum partitions can be assigned to the nodes
within one coexistence area independently of the assignments made to nodes in other coexistence
areas, as, by definition, such nodes do not interfere with one another.
An example co-existence graph, divided into coexistence areas is shown in Figure 3. The
coexistence graph includes twelve nodes representing twelve access points. Each node is labeled
with a letter A, B, or C representing a network to which the corresponding access point belongs.
The coexistence graph includes six nodes associated with network A, four nodes associated with
network B, and two nodes associated with network C. As can be seen in the graph, no two nodes
associated with the same network are connected by edges, even in circumstances where the
nodes are relatively close. As there are no connections between nodes a–f and nodes g–l, the
graph can be divided into the two distinct coexistence areas.

Published by Technical Disclosure Commons, 2017

6

Defensive Publications Series, Art. 673 [2017]

Referring back to Figure 2, after the processor divides the coexistence graph into
coexistence areas, the processor allocates frequencies to the nodes in each coexistence area, one
coexistence area at a time.
Figure 4 shows a flow chart of an example method of allocating frequencies to nodes in a
coexistence area. The method, at a high level, assigns frequencies based on a color algorithm,
such as a greedy coloring algorithm. The method includes assigning colors to all nodes in the
sub-graph forming the coexistence area. The processor then counts the number of colors used to
color all of the nodes. The processor divides the available spectrum into a number of partitions
equal to the number of colors needed to color the nodes of the sub-graph, and allocates partitions
to the nodes.
Figure 5 shows a flow chart of an illustrative method of assigning colors to nodes in a
coexistence graph. The color assignment method includes ranking each network represented in
the coexistence area by the number of access points/nodes in the network in the coexistence area,
with the highest rank assigned to the network having the most nodes in the coexistence area.
After the networks represented in the coexistence area are ranked, the method begins an
iterative process of assigning colors to nodes of each network in order, with all nodes of a
network being assigned the same color. The iterative process begins with the processor selecting
the highest ranked network that has not yet been assigned a color and the reversion to selection
of a first color of an arbitrarily ranked set of colors. The processor then assigns the selected
color to all nodes of the selected network. The processor then determines whether the color
assignment to the network poses a conflict. The processor determines an assignment to pose a
conflict if two connected nodes share the same color. If the assignment poses a conflict, the
processor selects the next color in the ordered list of colors and assigns the newly selected color
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to the network. This process of checking for conflicts and assigning new colors continues until
an assignment does not result in a conflict. As described above, a color can be assigned to all
nodes in a network in a single assignment, and then all nodes are check for potential conflicts.
Alternatively, the processor assigns the selected color to nodes, one node at a time, checking for
a conflict with each node assignment. If a conflict is detected in such implementations, the color
previously assigned to nodes within the selected network is removed and the color assignment
for that process begins anew with the newly selected color.
If the assignment does not result in a conflict, the processor determines if all networks
have been assigned colors. If there are still networks needing colors assigned, the next highest
ranked network not yet assigned a color is selected, and the processor reverts back to the first
color in the ordered list of colors. If all networks have been assigned colors, the process is
complete.
In some other implementations, another greedy coloring algorithm is used. For example,
in one implementation, each network is ranked according to size. Colors are assigned to each
node in the highest ranked network for which no color is yet assigned. If the greedy coloring
algorithm results in any nodes of the network being assigned a color different than any other
node in the network, all assigned colors for the network are removed and the assignment
algorithm is run again. Once all nodes in the network are assigned the same color, the process
continues to assign colors to nodes in the next network.
Referring back to Figure 4, after colors have been assigned to all nodes in the sub-graph
associated with a coexistence area, the processor counts the number of colors necessary to color
all of the nodes. In the example of Figure 3, discussed above, the total number of colors needed
to color all of the nodes of the first coexistence area was two. The method then includes dividing
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the available spectrum into a number of partitions equal to the number of colors counted. For
example, if the spectrum being partitioned is the CBRS spectrum, which includes 150 Mhz of
spectrum, for the first coexistence area shown in Figure 3 (assuming there are no interfering
incumbent or PAL users), the spectrum would be divided into two 75 MHz partitions. The SAS
processor would then cause the SAS to notify each node in the first coexistence area of its
assigned partition based on the color assigned to that node.
The SAS can permit an access point associated with a node to utilize additional partitions
of the spectrum beyond the specific partition associated with the color assigned to that node. For
example, when the number of partitions is greater than three, if a node assigned a first color is
not connected to any other node in the coexistence area assigned a particular second color, the
first node can utilize the spectrum partitions associated with the first color as well as the second
color, and any other color that is not assigned to a node connected to the first node. In such
implementations, the SAS processor would cause the SAS to notify each node of all of the
partitions that respective node is permitted to use.
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